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J.C. Martz, D.W. Hess
Department of Chemical Engineering
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W.E.Anderson
Materials Science and Technology Division
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1. INTRODUCTION
Recently, reactive low-pressure RF glow discharges (plasn-as) have become

indispensable tools in the fabrication of’ microelectronic devices. However, despite the
widespread use of glow discharges, a fundamental understanding of gas-phase and
surface reaction mechanisms is generally lacking, Many diagnostic techniques exist for
plasma analysis including optical emission and absorption spectroscopyl,2, laser-induced
fluorescences, and mass spectroscop~’A’6. Of these methods, mass-spectroscopy offers
the advantages of simple yet sensitive detection of both intermediate radicals within the
discharge (flux analysis) and stable discharge products downstream (partial-pressure
imalysis), In addition, the data may be easily quantified to yie!d reactant and product
partial pressure i~forrnation within the discharge.

This work will examine a simple down-stream sampling arrangement for effluent
analysis in a typical plasma environment. This method offers the advantage of simplicity
when compared to the need for extraction optics and energy analyzing stages requirud
for flux-type analysis6. In additmn, p.lrtial pressure analysis provides information on the
plasma/surface interactions occurring over the entire surface area of the reactor M
opposed to just those occurring iit the sampling orifice in flux-type analysis. This fact
makes partial-pressure ilnalysis particularly attractive for such tasks M plasma-etch end-
point monitoring. In this example, experimentdi partial-pressure measurements of a
(T4/C), plasma are presented us is the applic~tion of the technique to plasma ~tch end-.
point detection,

2. TECHN1(?UE
The parallel plate plasma refictor used in this study hus been described elsewhere’.

A Varian model 951 variuble Ietik valve is installed in ttle pumping Iinc to allow
differential sampling of the effluent gas into a Bdzers (3MG 420 ouadrupolc IWNS

spectrornetcr.Sampledeffluent is passed [() the spectrometer by a 50 cm (J I IV IIcIIOWS
connected to :}le sampling valve. Chamber pressure is mtiintaincd at 80 tnt(wr while the
quadrapolc pressure is held ;~t 1,() x 10”Storr by varying the leak rate thr(mgll the
s:impling valve. t’iittlodi C iorlizalion” Voltil~C is !Kt to 70 V white the tlVll(NIL’-tV\lc
electron multiplier is held :]t 1500”V ‘1’hc spcctrf)mctcr is ol)CriltCd ill:1il}lllfi~)lc-iofl

dy:lilfTliCdC!tf2.Yion l(l(NIC ill ii 3Cilll rilt(! ot I L~CIC/SCCotld.



identification of the peaks from a scan of a typical CFJ/O, plasma shows the rnujor
products to be CO, CO,, COF7, F,, HF. and numerous high~r-ordered fluorocarbon~.
Each of these species, ‘as wefi a; the parenr CF4 and O, gases, were dynamically
monitored m various plasma parameters were changed. D~~Gfrom m/e of 19 and 20
exhibited long (several-minute) [imc constants ilfter any change in plasma parameter.
Indeed, the problems of measuring atomic fluorine have been well documented~.
particularly when measurements are performed in a downstream configuration. In
addition. a fluorine mass balance (using the calculation described be!ow) Pdils to accodnt
for more than 2/3 of the fluorine in the parent CF4 gas. These problems illustrate the
difficulty in measuring reactive, non-stable species in a downstream configuration. As
such, [his technique is only reliable when measuring stable species concentrations.

Values for the conversion of CF4 and O, are calculated from.

‘conversion = 1@q( I,)ff-IL,n)/1,,,,] (1)

where I,,[fis the measured ion current with no plasma ignition and I,,n is the average con-
current at the point of interest. This rnethoci is accurate provided that chamber purtial
pressure is linearly proportional co the measured ion-current vulue, Calibration of the
product signals is a bit more elaborate; the method employed is similar to previous
:ipproaches~ where the purtial pressure is derived from the expression

1, = p,(),T,

In eqn.(2) 1, is the measured ion cl~rrent of species i, p, the parti~l prcssllre, o, the
ionization cross-section, and T, the product of the transmission coefficient, t, und the
flow coefficient K,. Equation (2) assumes that no mass interference is present, alth(mgh
even if this were the case,iIsimple set of algebraic. linear equtitions is obtained which

cun be solved for p, when l,, (),, ilrtd T, are known. The ionization cross-sectifm. (},,for
[he species involved is luken from the Literature”’v, In the casti where ti v:ilue is not
:ivuiltihle,o, isextrapolatedfrom the S value of reference (10),defined as [he rel;i[ivc
intensity of the strongest peak in the mass spectra cruc~ing pattern as compared [()

nitrogen. The calibration factor T, is wsumcd to hwc the form

. .
l,= AcI]m, (3)



simply provides an overall check on the thermodynamic consistency of the measured
values, The second method involves performing atomic miuss balances for each of the
three atomic species in the system: C, O, and F. An overall carbon balance shows a
worst-case discrepancy which amounts to 15% of the total carbon species present.
Similarly, an oxygen balance yields a worst-case discrepancy of 30%. The results for
tluorine have been discussed. When all sources of error are considered, the measured
mole fractions of CO, CO,, and COFZ are within a factor of 2 of their actual values. The
measurement of the varktion in partial pressure or conversion for each species is
accurate within 10% across the entire measurement range.ll

~. RESULTS

Figures 1 shows the variation in reactant conversion and product mole fraction M a
function of oxygen concentration for ii 100 W CFJOl plasma.
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FIGURE 1. u) Conversion of Oz and CF4 versus t)xygcn concentration at ti tottil
flow rate of 8 seem itli;i differential power of 100”W, h) Gas-phase mole fruction
of products versus oxygen concentration

‘I”hcsc results are in good agreement with a similar flux-type amdysis by Sm,olinsky itnd
l:lnmrn4, This data is intended only to illustrate the measurement tcchn;que. (’ornpletc
rcslllts(}f this study, including it detailc’J mdysis of the gus-phase c%emist~, itrc

ilvililiibl~ elsewhere.’
f:igure 2 shows the v:irititi(m in rc:ic[unt ct~nvcrsion during Ihc etching of ii

tllngstcn/silic(m dioxide/silicon “sandwich”. 1: is well known thi~t the etching of tungslct]
7 or 3) on lhc re:~ctlvc surtncc,in (“1:4pr(~cccdsby the consumpti(m of (’1:, r:illichiils(x = -

‘l-his Lict is casi]y seen in the d~ltil m ii shoulder in the (’l:i ctmvcrsion Up t(] ii [imc of 7
n]illutcs (the t[lngstcn etch-thnmgh p[)int), :llld ii awrcsp(mding dCCK!iiSL’ in IIlc f ),
cf)nvcrsion.‘I%isdccreilse in (),C[)lwersion is :1direct rcwlt of :1dCCR!ilSC in iivilililhl~

( ‘1.,, the s~)ccics which rciicts nc~lrly exclusively with (NygcIl [() yield [hu vilrio~l\ ~~r(duuls
~cc~l ill tigurc l}l.lZ I:ur[hcr$ the (Mvgcn ullmwr5ifJn it]urc:lscs m the ctchiilg IIrt)t.css

(G(mlitlucs Illr[)llgtl the silic[)n di[~xidc I;lVcr, ;Illtl ullitlliltctv rc:lchcs ils highcsl v:lluc ;Is
Illc rc:wtitm I)riwcds intoIhc (mvgcn ~lctic’iclllwl~str:llcsili(’[~tl.
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Figure 2. Monitor of conversion of Oz and CFq as 5 in. diameter tungsten/SiOl/Si
wafer is etched. W thickness = 50 nm, thermal SiO, thickness = 30 nm. Pressure
= 80 m.arr, Power = 100 W. 20$%Oxygen at 8 Sccrn total flow. (system residence
time = 14.7 s)
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